Where both sexes invest substantially in o¡spring, both females and males should discriminate between potential partners when choosing mates. The degree of choosiness should relate to the costs of choice and to the potential bene¢ts to be gained. We measured o¡spring quality from experimentally staged matings with preferred and non-preferred partners in a sex-role-reversed pipe¢sh, Syngnathus typhle L. Here, a substantial male investment in o¡spring results in a lower potential reproductive rate in males than in females, and access to males limits female reproductive success rather than vice versa. Thus, males are choosier than females and females compete more intensely over mates than do males. Broods from preferred matings were superior at escaping predation, when either males or females were allowed to choose a partner. However, only`choosing' females bene¢ted in terms of faster-growing o¡spring. Our results have important implications for mate-choice research: here we show that even the more competitive and less choosy sex may contribute signi¢cantly to sexual selection through mate choice.
INTRODUCTION
To date, surprisingly few studies have experimentally investigated direct ¢tness e¡ects from mate choice on the resulting o¡spring, and conclusions regarding bene¢ts gained are ambiguous (see references in MÖller & Alatalo (1999) ). Moreover, although Darwin (1871) raised the idea of mutual mate preferences, the subject has received very little attention until recently (Kirkpatrick et al. 1990; Real 1991; Gowaty 1997; Johnstone 1997) . Studies where mutual preferences are simultaneously investigated are scarce ( Jones & Hunter 1993 , 1999 Jones & Montgomerie 1992 ) and studies of the relative impact of female and male choice on individual ¢tness are almost non-existent (Gowaty 1998) .
Male deep-snouted pipe¢sh, Syngnathus typhle, possess a brood pouch on the ventral side of their bodies, where females lay their eggs to be fertilized, nourished and osmoregulated by the male for around three to ¢ve weeks (Berglund et al. 1986a) . Females invest only in eggs and producing a new clutch takes less time than the male's egg care. Thus, the male`pregnancy' decreases the males' potential reproductive rate relative to that of females (Berglund et al. 1989; Berglund & Rosenqvist 1990) . As the adult sex ratio is about even, females thus compete more intensely over mates than males, possess sexual ornaments and usually initiate sexual behaviours (Berglund et al. 1986b (Berglund et al. , 1997 Berglund & Rosenqvist 1993; Bernet et al. 1998) . Both sexes discriminate between potential partners when given a choice. Mate-choice decisions in males are in£uenced by the operational sex ratio (OSR), as well as by perceived predation risk (Berglund 1993 (Berglund , 1994 (Berglund , 1995 Fuller & Berglund 1996) . We estimated the relative impact of male and female choice on o¡spring ¢tness correlates by setting up mate-choice trials where males or females could choose between two potential mates. Individuals making the choice were mated with either their preferred or non-preferred partner. The experimental design ensured the detection of individual preferences, which could otherwise have confounded results from matings based on estimates of general attractivity to the opposite sex (see Drickamer et al. 2000) . Two ¢tness correlates were measured in the resulting o¡spring: growth during the ¢rst week after birth, and the ability to escape a common predator (a small sea anemone, Sagartiogeton viduatus L). Theoretically, a large di¡erence in reproductive rate between males and females should increase the di¡erence in choosiness ( Johnstone et al. 1996) , which in this species predicts that males should be choosier than females. This has earlier been demonstrated in laboratory experiments: males are more reluctant to engage in courtship dance and to copulate than females when o¡ered unattractive partners (Berglund & Rosenqvist 1993) , a pattern con¢rmed by ¢eld observations (Vincent et al. 1992) .
METHODS
We performed the experiment at Kristineberg Marine Research Station in Sweden (58815' N, 11828' E) during MayĴ uly 1997 and 1998. The ¢shes were captured during mid-May by trawling eelgrass (Zostera marina L.) meadows. We kept the ¢sh sexes apart in 225-l barrels and fed them live Artemia and frozen mysids twice a day during the whole experiment. Water was continuously renewed so temperature and salinity followed natural variation at 2 m depth. The light cycle was 14 L:10 D. Male length, o¡spring growth and average water temperature during the ¢rst week after birth di¡ered between years (average father 's length, 1997, 166.0 § 24.5 mm; 1998, 179. 
(a) Mate choice
For both focal and object ¢shes, body length was measured and skin parasites were counted (see Rosenqvist & Johansson (1995) for a description). Fishes were then placed in mate-choice aquaria measuring 50 cm £ 40 cm £ 70 cm (depth). We allowed males as well as females to choose between three compartments, two of which contained a member of the opposite sex (see insert in ¢gure 1, where aquaria are viewed from above). A transparent wall prevented physical contact between the focal (choosing) and the object (chosen) ¢sh so that the objects could not subvert the choice of the focal ¢sh. Olfactory cues were available to the focal ¢sh but not to the objects, as water £owed from each object's compartment into the focal. One plastic eelgrass plant was placed in front of each compartment to reduce stress in the focal ¢sh. We observed the position of the focal ¢sh every 30 min for at least 7.5 h. When the focal ¢sh was positioned in front of one object ¢sh for more than 60% of the observations (i.e. at least for nine out of 15 times), we de¢ned it as a choice. Position is a good predictor of which potential mate the focal ¢sh will copulate with when given the chance (Berglund 1993) . We ran 358 mate-choice replicates, of which 171 were male-choice and 187 were female-choice trials. We excluded from further experiments focal ¢shes that did not choose according to our criteria, as well as those choosing the empty compartment (81 males and 77 females). The remaining focal ¢shes were then randomly assigned to their preferred (P) or their non-preferred (N) partner and given 24 h to mate in mating aquaria (40 cm £ 30 cm £ 70 cm). 76 males (P: 32 and N: 44) and 67 females (P: 35 and N: 32) did mate. The males who received eggs were kept in 225-l barrels during pregnancy and transferred to net cages shortly before giving birth.
(b) O¡spring growth
We measured the length of ten random newborns from each brood to the nearest millimetre (the average of these is the birth length), before releasing them into fry cages where they were fed live Artemia nauplii ad libitum for a week. The fry were remeasured on day 7, and growth was calculated as ln(average length at day 7)7 ln(birth length), to control for allometric growth, for each brood. Treatments did not di¡er in fry survival from day 0 to day 7 in this sample (male choice (mean § s.d.), P, 0.81 § 0.34; N, 0.87 § 0.24; female choice, P, 0.72 § 0.37; N, 0.84 § 0.29; two-way ANOVA, sex, F 1,74ˆ0 .51, pˆ0.70; preference, F 1,74ˆ0 .70, pˆ0.41; sex £ preference, F 1,74ˆ0 .21, pˆ0.65). In four cases, brood size was too small to measure ten fry for each parameter, and growth rate was calculated from nine, nine, eight and eight young, respectively.
(c) O¡spring survival experiment
We released random samples of ten newborns from each brood into 5-l aquaria containing two plastic eelgrass imitations inhabited by ten sea anemones. This anemone species is abundant in eelgrass meadows, usually with several individuals living on each plant. It is a major predator on pipe¢sh fry (M. Sandvik, G. Rosenqvist and A. Berglund, personal observations) . After 5 h, survivors from each brood were counted and released to the wild. Between replicates, ¢ve or more of the ten anemones in each aquarium were replaced with new ones to avoid pseudoreplication. Anemones were always allowed at least 16 h to settle. Temperature was constant, and the water £ow was turned o¡ during the experiment to rule out possible di¤culties for the fry to swim in water currents. In ¢ve cases, we used less than ten fry (nine, nine, nine, seven and seven, respectively) due to small brood sizes. Survival rate was calculated as (number of young surviving)/(number at the start).
RESULTS
Parents allowed to mate with the partner of their choice produced o¡spring with a better ability to avoid predation, both in male-and female-choice trials (¢gure 1), as compared to parents denied this opportunity. Results were similar after correcting for the e¡ect of father's length on o¡spring performance (table 1) . Moreover, females, but not males, were able to pick out mates conferring a higher o¡spring growth rate (¢gure 1b and table 2). Female length was positively correlated with o¡spring birth length, but not with o¡spring growth or survival ( 
DISCUSSION
Mechanisms that may prevent individuals from obtaining matings with their preferred partner (e.g. opposite-sex choosiness and same-sex competition) have been documented in a number of species with conventional sex roles (references in, for example, Andersson 1994; Langmore 2000; Amundsen 2000) . Our experiment shows that a constrained choice actually had an impact on the resulting o¡spring. This is the ¢rst study demonstrating that both sexes may produce ¢tter o¡spring if allowed to mate with their preferred individuals (but see, for example, Partridge 1980; Reynolds & Gross 1992; Petrie 1994; Nicoletto 1995; Jones et al. 1998; Drickamer et al. 2000 , for e¡ects of female choice on o¡spring quality). Female preferences had potentially a stronger e¡ect on o¡spring quality than male choice, since only females were able to pick out males producing faster-growing young. A factor that potentially confounds our results is male or female di¡erential investment in o¡spring, i.e. the ability to adjust the level of investment in young according to the partner's quality. If di¡erential investment exists in males, but not in females, we would expect that rejected object males in female choice trials would be more satis¢ed with their partner than preferred object males. Assuming a positive assortative mating pattern, rejected object males would on average be of lower quality than their partner and thus would have done better than expected. Hence, if such males invest di¡erentially, they should invest relatively more resources in their o¡spring, and increase the quality of the young. However, since o¡spring from rejected males had low quality, female choice contributed more to o¡spring quality than any hypothetical male di¡erential investment. In male-choice trials, male di¡erential investment would further enhance the di¡erences in quality that we found. If females, but not males, were able to invest di¡erentially, we would obtain the same pattern as we have found in female-choice trials but the opposite of what we found in the male-choice trials, following the same line of argument as above. Even if we cannot exclude the possibility of female di¡erential investment, females already have mature eggs when they are o¡ered a mate in this experiment, and would not have much time to adjust egg quality before mating. Thus, if di¡erential investment at all occurs in this species, it plays a minor role compared to mate-choice e¡ects.
Why are some young better than others at avoiding anemones? Observations during the experiment suggest that fry, after experiencing the presence of anemones, altered their behaviour from an exploratory to a more passive behaviour (M. Sandvik, G. Rosenqvist and A. Berglund, personal observations) . Pipe¢sh young also tend to avoid areas with high anemone densities (M. Sandvik and I. Ahnesjo« , unpublished data). Ahnesjo« (1992) found in an earlier study that survival from predation was higher in broods with larger fry, suggesting ¢tness bene¢ts from obtaining large or fast-growing o¡spring. Furthermore, if juvenile and adult size is correlated, there might be a bene¢t in terms of increased future fecundity for o¡spring.
Interestingly, preferred individuals were not larger than rejected ones. Earlier experiments with this species have shown that both females and males prefer a large over a small individual (Berglund et al. 1986b ), but that experimental design allowed a choice between two object ¢shes with an intentionally large di¡erence in size. In the current experiment, no e¡orts were made to enhance di¡erences in size between the object ¢shes, they were paired at random. However, even a weak preference for larger size should have been detected in the current data, due to the natural size variation in the species and the sample size in this study. This suggests that both females and males are able to distinguish between better and worse partners from criteria other than size. In the current experiment, the use of olfactory cues was possible, and a later experiment has shown that females choose males according to brood-pouch characteristics (M. Sandvik, unpublished data). In contrast to the traditional view, where competition over mates is considered a typical male trait and choosiness a female trait, the recognition of the importance of mutual mate choice (i.e. that both sexes of a species perform choice behaviour) and mutual competition may lead to di¡erent predictions for the evolution of both sexual traits and preferences. Theoretical models considering more complex and realistic scenarios of mate choice and competition are emerging ( Johnstone 1997; Johnstone et al. 1996; Real 1991; Gowaty 1997; S×ther 1999) , but none has made predictions regarding quality of o¡spring resulting from mutual choice. In the case of this pipe¢sh, predictions concerning o¡spring quality are not straightforward. On the one hand, males, who in nature have frequent and ample opportunities for choice (due to the female-biased OSR), can be expected to evolve ¢ne-tuned preferences or assessment rules causing a signi¢cant quality di¡erence between o¡spring resulting from preferred and nonpreferred matings. Females, who have fewer opportunities for choice, should not be under selection to evolve such e¡ective mate assessment rules. On the other hand, females invest in eggs and may enhance ¢tness by being choosy. Thus, if the OSR is occasionally male biased (Vincent et al. 1994) , and if males do vary in their parental quality (Berglund et al. 1986a) , even a`crude' female preference may have a large impact on o¡spring ¢tness. Given a generally female-biased OSR in this species (Vincent et al. 1994) , it is however probable that only top-quality females, if any, can a¡ord to choose among males. Thus, to make predictions about the evolutionary consequences of mutual mate choice, we must also include constraints such as mate assessment abilities and e¡ect on o¡spring quality of choice. Our results show that being denied access to the preferred partner may reduce ¢tness for both sexes, and thus underline the importance of a dynamic approach to mate-choice mechanisms in the study of evolution of preferences and sexual characters.
